
ABSTRACT

A	significant	technology	gap	for	NASA	astrobiology	missions	is
the	field	detection	of	organics	at	the	sub	ppm	level.	Currently,
NASA	uses	different	sensing	technologies	such	as	Pyrolysis–
GCMS	to	analyze	planetary	samples.	These	instruments	require
complex	sample	handling	and	can	process	only	a	limited
number	of	samples.	It	is	critical	to	develop	an	effective
instrument	with	extended	and	enhanced	capabilities	to	enable
future	planetary	multiple-mission	needs.	We	propose	to	develop
a	novel	nonlinear	Raman	spectral	sensing	instrument	for	trace
organic	detection	at	the	sub	ppm	level	based	on	fluoresence-
free	surface	enhanced	Raman	scattering	(SERS).	The	proposed
instrument	will	be	capable	of	detecting	the	molecular	signatures
in	Martian	samples	in	the	field	with	significantly	improved
sensitivity	(>100,000,000)	and	reduced	noise	(>100).	It	will	offer
NASA	a	ultra	sensitive	deployable	instrument	suitable	for	robotic
missions	in	terms	of	in	situ	measurements,	resolution,
bandwidth,	compact	size,	low	cost,	and	ruggedness.	The
detection	of	organics	at	the	sub	ppm	level	in	Martian-like	soils
will	be	applicable	to	several	future	NASA	missions,	in	particular
future	rovers	for	the	upcoming	Mars	2020	mission.	These
mobile,	fast	and	agile	rovers	are	focused	on	collection	for
sample	return	and	require	non-sampling	analytical	instruments.

ANTICIPATED	BENEFITS

To	NASA	funded	missions:

Potential	NASA	Commercial	Applications:	The	successful
development	of	the	proposed	ultra	sensitive	SERS	sensor
instrument	will	have	extensive	NASA's	applications.	The
proposed	system	will	create	an	opportunity	to	extend	and
enhance	the	capability	of	traditional	NASA	Earth	and	Planetary
detection	efforts	in	current	platforms.	It	meets	NASA's	multiple-
mission	requirements	for	the	best	use	of	limited	resources	by
reducing	the	risk,	cost,	size,	weight	as	well	as	power
consumption.	It	will	also	enable	new	measurements	with	greatly
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enhanced	sensitivity	for	the	planetary	study.	This	technology	will
be	useful	for	a	broad	range	of	in	situ	measurements	for:	space
science	and	terrestrial	geochemical,	geophysical	and
geobiological	studies;	planetary	protection	applications.

To	the	commercial	space	industry:

Potential	Non-NASA	Commercial	Applications:	Ultra	sensitive
spectral	sensors	have	wide	applications	to	include	homeland
security,	life	science,	and	matter	physics	and	chemistry.	It	offers
a	fast,	sensitive	and	accurate	method	of	analysis	suitable	for
both	laboratory-based	and	plant	based	applications.	In	addition,
a	broad	range	of	non-government	commercial	and	industrial
applications	include	environmental	testing	of	water,	soil	and	air;
municipal	and	industrial	water	and	waste-water	quality	testing;
commercial	product	quality	control	testing	of	manufactured	food,
chemical,	semiconductor,	and	other	commercial	products.
Furthermore,	laser	spectral	sensors	have	potential	to	provide	the
unique	sensitive	fluorescence-free	and	real-time	analysis	for
biofuel	production	and	oil	exploration	in	energy	industry.
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